Routine physical examination of laboratory-housed female rhesus monkeys can reveal lesions of the reproductive tract, and uterine cysts, ovarian cysts, cervical mucocoele, endometriosis, genital tuberculosis, and genital tract involution are briefly described. The examinations are also useful in the early determination of pregnancy, in the selection of females for breeding, and in settling mating priorities. Attention to cycle-to-cycle variation in fertility can lead to improved reproductive performance of the colony.
Optimal reproductive activity is often desired in laboratory monkey colonies for production breeding or for other experimental purposes.
Efficient management of such colonies necessitates the monitoring of reproductive function in addition to general health.
The purpose of this report is to emphasize the value of physical examination and its interpretation by the clinician in the individual assessment of reproductive function of Macaca mulatta females. This assessment, used in conjunction with timed mating, is also valuable in increasing the breeding efficiency of the animals.
Specific use has been made of physical examination for the early determination of pregnancy, the early detection of reproductive tract lesions, and for the assessment of reproductive activity in the current menstrual cycle. METHODS Observation of the unrestrained animal, its general body condition, alertness, activity, depth of sex-skin colour and adaptability to confinement may offer clues to general health as well as reproductive potential.
In addition, females should be observed daily for vaginal bleeding, either by inspection of the perineum or by vaginal swabbing.
Once they have become accustomed to the procedure, the time taken is no more than that necessary for a cursory check of general health.
Physical restraint is usually all that is required for most routine examinations. However, the first examination of all, including the initial gynaecologic examination should be performed with the animal under anaesthesia.
The importance of a complete external examination (inspection, palpation, auscultation etc.) requires no elaboration.
The initial gynaecologic examination should be complete and recorded in detail, and any significant departures from these initial findings on subsequent investigation should be noted.
The examination is performed on the female with the aid of an assistant who holds the monkey's arms together behind its back in one hand, and its ankles in the other hand. The animal is laid on a table surface, chest down, the lower abdomen and legs extending out from the edge of the table. The right index finger of the examiner, gloved and lubricated, is advanced to its full extent into the rectum by threading through the peristaltic rings to the less fixed portion of the rectum.
Then, by retracting the finger somewhat, the end of the finger can be moved about more freely with less subsequent struggling by the monkey.
The general dimensions and content of the pelvic cavity are surveyed briefly with a few sweeping movements of the palpating finger. The uterine cervix is easily identified as a firm rounded structure palpated midventerally against the pelvis, and the uterus is located by advancing cranially over the surface of the cervix on to the uterine body. The right ovary is usually situated quite close to the uterus with a short uterovarian ligament.
The left ovary usually has a longer attachment and may require a more prolonged groping before it is found. The round ligament of the uterus may be felt as a cord-like structure.
The broad ligament and oviducts are not ordinarily palpable but they (and other pelvic viscera) may obscure the uterus and ovaries by coming between them and the palpating finger, so that they have to be manoeuvered out of the way by the finger or from outside the abdomen.
Unlike the cervix, the uterus and ovaries are relatively free-moving structures and once located require some stabilization, since slight pressure causes them to slide out and away from contact with the palpating finger. The ovary can be stabilized by the finger of the left hand, applied externally, manoeuvering it into a depression in the abdominal wall so that it can be palpated internally ( Fig. I ).
Determination of organ size
A distinction must be made between the tactile impression of size gained from palpation, which depends on consistency as well as dimensions, and the actual size of the same organ.
Turgid structures retain their contours, while softer structures either become deformed by palpation or may even be indistinguishable as structures. Relative terms such as small, medium and large soon lose their significance except where a comparison with some structure of known dimensions is possible, and the estimation of palpable size is mostly a matter of confidence, based on experience.
The width of the uterus may be compared with that of the palpating finger. The uterus is held against the ventral abdominal wall by a slight pressure from both index fingers ( Fig. 2a ). The thumb and 3rd digit are then moved dorsomedially to bring the body wall in contact with both sides of the intrarectal finger ( Fig. 2b) . Then, without removing the thumb and 3rd digit, the uterus is pushed dorsally to the position vacated by the retracting intrarectal finger ( Fig. 2c ). Widths of uterus and finger are then compared by pushing the uterus (without allowing it to rotate) alternately between the last 2 positions: uteri smaller than the end of the palpating finger will result in a detectable lessening of lateral resistance during the switch from finger to uterus.
If they are the same width, the lateral resistance remains similar.
If the uterus is wider, decreased resistance is encountered in the switch from uterus to finger. Once this comparison is made against the known finger width, estimation of the extent of this difference, although subjective, may be made with more confidence.
The character of any discharge milked out of the vagina during the manipulation should be recorded during the examination.
Animals tolerate the gynaecologic examination well and no serious injury occurs either to the female or, if pregnant, to the embryo.
Nor does repeated palpation of the genital organs appear to cause disturbances of the menstrual cycle. The usual routine physical examination is accomplished in 2-4 min. It is usually more desirable to perform additional palpations later or on succeeding days than to prolong the examination.
Detection of reproductive tract lesions
Gross lesions may be evident the first time the animal is examined, or they may become progressively discernable over the course of subsequent examinations. The cases sited here exemplify the types of lesions encountered. 2 groups of monkeys were monitored in a 6-year period, a group of 5-20 breeding females that were examined frequently, and a random group of 210 females procurred over the same period for purposes other than breeding.
Case 1: genital tract cysts. A newly-arrived female was examined and found to be in good physical condition.
A tentative diagnosis of pregnancy was made based on the palpation of a mass in the uterus.
When the mass failed to show enlargement on subsequent examination it was suspected to be abnormal, and at laparotomy it was found to be a fluctuant, thin-walled, translucent, fluid-containing cyst attached to the dorsal surface of a rather small uterus.
Another cyst, smaller in size, was also attached to the uterine wall ( Fig. 3 ). Case 2: ovarian cyst. A female in early pregnancy developed a palpable enlargement of the ovary which was suspected of being a luteal cyst. At embryectomy (40 days gestation) the corpus luteum and ovary were seen to be normal, and the enlargement proved to be due to a cyst attached to the anterior pole of the ovary, within the suspensory ligament.
No further enlargement was observed over the next 2 months, after which the clear, fluid content of the cyst (2 m!) was aspirated.
The cyst was again palpable after a further month and continued to enlarge.
At 3 months following aspiration, a laparotomy was performed ( Fig. 4 ).
Case 3: mucocoele.
The cervix of a frequently-examined animal became enlarged, making it difficult to pass the palpating finger through the pelvic canal. Because of this and previous breeding failures the animal was killed, and the enlarged cervix was found to be distended by an accumulation of translucent, latex-like material (Fig. 5 ).
Case 4: endometriosis. An animal ovarectomized 1 year earlier, and not previously examined gynaecologically, was found to have an abnormal fluctuant structure, 2 x 3 cm, lateral to the uterus. Exploratory surgery revealed an encapsulated mass and removal was attempted.
Subsequent examination of the animal was not possible and she died 8 months later. Necropsy revealed what was believed to be an extension of the earlier process, with massive adhesion between the uterus, bladder, rectum, colon, and omentum, and the formation of cyst-like structures containing a thick chocolate-coloured liquid. The immediate cause of death appeared to be a bilateral hydroureter and hydronephrosis, the result of long-standing impingement of the distal ureters within the adhered mass ( Fig. 6 ).
Case 5: genital tract tuberculosis.
A newly-arrived animal appeared in very good physical condition, and the reproductive tract felt normal except for a firm nodule adjacent to the body of the uterus.
This animal reacted strongly' to tuberculin and was therefore killed. The structure previously palpated was a tubercule (8 mm diameter) in the broad ligament, one of several in the thoracic and abdominal viscera from which Myocobacterium tuberculosis was cultured. Case 6: hyperinvolution or delayed development. Repeated palpations were made on a female of reproductive age over a period of 3 weeks. The only palpable reproductive tract structures were a slight diffuse thickening where the cervix is normally located, and a cord-like structure (12 X 2 X 2 mm) in place of a uterus.
At laparotomy, a small but complete reproductive tract was observed, including a uterus measuring 15 X 7 X 4 mm. Palpation of the exposed uterus, which is ordinarily firm in females undergoing regular menstrual cycles, revealed it to be very flaccid, and it was the uterine lining which had previously been palpated per rectum.
When healing from the surgery was complete, an attempt was made to induce cycling by a single course of injections with oestradiol and progesterone.
Menstrual bleeding occurred 5 days after the last injection and recurred at intervals of 16-32 days for 6 months. During the series of injections the reproductive tract became normal to palpation and remained so throughout the subsequent cycles. Because of irregular menstrual intervals and other indications of being a marginal breeder, this female was killed and necropsied; a small luteal body on one of the ovaries was an indication (but not proof) that an ovulation had occurred.
Case 7: hyperinvolution following interrupted pregnancy. Incision of the uterus, with removal of the intact embryo and placenta, was performed on a group of 10 females between 31-54 days of gestation.
The interval between embryectomy and the 1st subsequent menses ranged from 30-50 days (mean 38,6 days) for 9 of the females.
The remaining female was amenorrhoeic for 96 days: shortly after surgery its reproductive tract underwent severe (palpable) involution, especially the uterus.
The hyperinvolution and recurrent galactorrhoea continued throughout the amenorrhoea.
There was no indication of other abnormality or illness and recovery was spontaneous.
Lesions associated with subfertility
All females in the colony sporadically exhibited periods of relative infertility or subfertility, of variable duration and uncertain cause. Physical findings ranged from no apparent abnormality to obvious clinical conditions.
The earliest indication of reduced reproductive function, apart from failure to conceive, was either menstrual cycle abberation or involution of the internal genitalia.
In more severe forms both amenorrhoea and hyperinvolution (premenarche-like condition of the internal genitalia) occurred with absence of vaginal cornification (as seen in stained vaginal smears), paleness of sex skin and in some, loss of body condition.
Amenorrhoea and involution were frequently seen in postpartum, lactating females, but less so when pregnancy was interrupted prior to term. In some the amenorrhoea and hyperinvolution continued several months after the baby was weaned and physically separated.
The same range of clinical manifestations was seen at times in animals with chronic systemic illness, and in newly-arrived females.
It was not uncommon for an incoming female to seem normal when palpated and to menstruate shortly after arrival, but then to exhibit reproductive tract involution within a few days or weeks and to remain in this condition with amenorrhoea for several months. However, the outcome for these animals was usually better than for those in which severe involution or hypoplasia was seen at first examination (e.g. case 6). The most frequent association with subfertility was the summer season. Amenorrhoea of 56-143 days duration, in the absence of pregnancy, occurred 22 times in 16 females over a 2-year period: 13 of these periods started in June, July or August. Severe involution was a concommitant finding in about half of the cases.
INTERPRETATION OF FINDINGS

Determination of pregnancy
For effective monitoring of reproductive activity all apparently normal cycling females should be examined at least once in each menstrual cycle, 20 days after the last day in which pregnancy could have begun, or the 10th day following the appearance of vaginal bleeding (which ever occurs first), when pregnancy can often be detected. This monitoring, in conjunction with the program of timed mating, increases breeding efficiency by removing earlypregnant females from competition with non-pregnant females for available males. Sometimes findings are not sufficient to make a decision and, although possibly pregnant, such animals are scheduled for follow-up examination and mating, but are given a lower priority for available males.
Since the onset of vaginal bleeding subsequent to mating may be due to either non-pregnant menses or be the result of pregnancy implantation bleeding, and since the difference may not be apparent by the 10th day, the decision to mate is largely dependent on the interpretation of palpation findings. In a short cycle (21 days or less), or with the early onset of implantation bleeding, more reliance may be placed on the duration of vaginal bleeding. Implantation bleeding usually lasts longer than menses: if vaginal bleeding is still present on the 10th day, even if intermittent earlier, pregnancy is a strong possibility. These females may be considered for the lower mating priority. When vaginal bleeding is delayed, so is the need for examination for pregnancy and mating priority.
The early diagnosis of pregnancy (about the 20th day of gestation) is based largely on the palpable changes in the uterus, specifically the degree of enlargement compared with the current and previous cycles. The principal early distinction is the point at which uterine enlargement exceeds that expected in premenstrual swelling. This distinction is frequently aided by a disproportionatley rapid increase in uterine depth (dorsoventral diameter of the fundic portion) in pregnancy compared with premenstrual swelling (Hartman, 1933; Kerber & Flatt, 1969) . Very early pregnancy diagnosis (16-19 days post conception) is possible in many instances, and is often desirable for some experimental procedures. However, repeated examination is necessary, and occasionally even with daily palpation the diagnosis cannot be established until the 30th day of gestation. Variation in the rate of uterine enlargement during early pregnancy, even between subsequent pregnancies in the same animal, can be considerable.
Although diagnosis is more certain later in pregnancy (progressive uterine enlargement is obvious at about 35 days-i of the way through the usual 167-day gestation) the non-pregnant animal would be past the fertile period of the following cycle. Early abortion would also be missed if only the later determination is practiced. The value of periodic examination of pregnant females late in gestation and after parturition has been discussed by Valerio et ai. (1969) .
Assessment of reproductive activity in the current cycle
While the determination of pregnancy and the absence of gross reproductive tract lesions are important considerations in the selection of females for breeding, it is also desirable to assess reproductive activity in the current cycle. This assessment is a prediction of whether the cycle will be fertile, and it is important in the selection of females for experimental procedures, including breeding, requiring more assurance of impending ovulation than anticipation of the fertile period by menstrual history alone.
It has been reported (Hartman, 1932) that palpable enlargement of an ovary, its collapse and subsequent re-enlargement, is evidence for follicular growth, ovulation and growth of the corpus luteum. The technique was used in compiling some of the earliest information on the fertile period in the primate menstrual cycle. While these changes were detected in many of the cycles monitored in the current study, much depended on the co-operativeness and conformation of the female, and on the frequency of examination. Its use in predicting whether ovulation would occur was limited to the detectable changes prior to ovulation.
It has also been reported that the uterus enlarges progressively during the ovulatory cycle, reaching its greatest size during the stage of premenstrual swelling (Hartman, ]932 ). This progressive enlargement was noted only occasionally in the current study. In the majority of cycles monitored, uterine size varied, sometimes from day to day, by alternately enlarging and diminishing throughout the cycle.
Ignoring whether or not ovulation occurred, the day of largest palpable uterine width usually occurred during I of 3 periods in the cycle: days 1-4 from the start of menses: days 10-15 (near mid-cycle); or 1-5 days prior to the next menses. The uterus was usually narrowest at days 5-9 of the cycle. The magnitude of change varied from nothing to obvious changes of several mm. The usual range, the difference from the smallest to the largest uterine width, was less than 50 %.
An even more striking range of recorded values was noted between cycles, including amenorrhoeic periods, and between females. The range in each of 7 previously parous females over a period of 2 years was: 3-14, 4-16, 5-18, 7-18, 10-17, 10-18, and 15-20 mm. The extreme low value for each female could be correlated with other concurrent signs of reduced reproductive function. At other times values in the lower portion of the range were the only sign of reduced function other than the failure of mated females to conceive. During the 2 years 10 pregnancies occurred in these 7 animals, and in no case was the palpable uterine width, recorded between days 5-9 of the cycle, less than 10 mm (mean 14 mm range 10-18 mm).
These data correlate with the clinical impression that an ample, turgid and well defined uterus is consistent with adequate gonadal function and regular menstrual cycles. This is in contrast to the generalized condition, involution of the internal genitalia, in which the uterus is flaccid, palpably smaller than usual, and often flexed. Because of this apparent relationship and the relative ease with which uterine width (as opposed to preovulatory changes in the size of the ovary) can be palpated, this measurement became one of the criteria used in selecting females for breeding.
Categories of reproductive activity
On the basis of clinical assessment of health, previous history (menstrual and examination records), and 1 or more gynaecological examinations, 5 groupings of the females were formulated. The individual assessment, usually performed between days 5-11 of the cycle, was made with the combined purposes of routine monitoring for gross pathology and pregnancy diagnosis, as well as establishing the individual's priority for mating in the current cycle. Probably fertile. Previous menstrual interval and physical examination findings normal. Palpable uterine width in upper half of the range noted on all previous examinations of that individual, with an arbitrary lower limit of 10 mm in parous females. A minimum of negative indications of reproductive function (as noted below). Possibly pregnant. Inseminated in previous cycle and still within criteria for Ist priority, but pregnancy cannot be determined at this time (see section on pregnancy diagnosis). Possibly subfertile. Good general health and apparently normal menstrual intervals, but palpable uterine width less than criteria for 1st priority (involution), or a preponderance of negative indications (fading to complete absence of sex-skin colouration, menstrual cycle irregularities or involution in previous cycles, history of genital tract surgery, complicated pregnancy or mating difficulties, near limit of reproductive age-range, obseity). 4th priority. Probably subfertile.
Good general health but severe involution (hyperinvolution) of the genital tract and a preponderance of other negative indications, or menstrual cycle abberations which preclude the timing of breeding. 5th priority. Not for breeding. Females that are pregnant, nursing, postoperative, amenorrhoeic, or clinically ill. This method of classification was used over a period of 2 years, but there were times when a shortage of males did not permit the mating of the lower priority females, so that a continuous comparison of performance between the categories could not be made over the entire period.
However, such a comparison was made in a series of 24 mating cycles involving 11 previously parous females.
The females were categorized as 1st, 3rd or 4th priority earlier in the cycle, and time-mated with a proven male. A total of 7 pregnancies occurred, with an overall average of 3,4 matings per pregnancy. 6 females judged to be 1st priority in all mating cycles, became pregnant (3 conceived on the 1st cycle, 2 on the 2nd and 1 on the 3rd successive cycle) for an average of 1·7 matings per pregnancy.
The 10 mating cycles in 5 females judged to be 3rd priority resulted in 1 pregnancy-1O matings per pregnancy.
None of the 4th priority females became pregnant during 3 cycles in these animals.
DISCUSSION
Individual monitoring of reproductive function and controlled mating are necessary for optimal performance of the laboratory-housed rhesus breeding colony.
Attempts to circumvent this by communal-housed mating groups are largely offset by losses due to injury, illness, and the extended maintenance of marginal breeders.
Permanently mated pairs are also too inefficient, even when production breeding is the major objective.
These mating systems have all but given way to the individual caging of all breeders, with the scheduling of females for brief periods of cohabitation with 1 of a small pool of proven breeding males. The efficiency of this system improves with better coincidence of the period of cohabitation with the female's expected time of ovulation, based on menstrual periodicity (Hartman, 1933; Valerio, Pallotta & Courtney, 1969; Wagenen, 1947) . Once the commitment to individual caging is made, the greatly improved accessibility of the animals presents the clinician with the opportunity for closer monitoring of individual reproductive function.
Physical examination methods for monitoring reproductive function in the rhesus was pioneered in the early 1930s (Hartman, 1932) , although there has been little subsequent mention of them except for the diagnosis of pregnancy (Kerber & Flatt, 1969; Valerio et ai., 1969) . The gynaecological aspect of the physical examinationlnot only provides early and continuing evidence of pregnancy, but its routine use provides experience for the monitoring of other aspects of reproductive function. Minor procedural differences, such as digital perferences or manner of restraint, are matters of personal choice and of little consequence provided the examination is performed in a consistent, systematic manner.
The frequency of examination of a particular female will naturally depend on the purpose, but it should be enough to ensure colony surveillance and maintain the tactile skill of the clinician.
The transition from the wild to the laboratory environment appears to result in a modification of reproductive function (Valerio, Pallotta & Courtney, 1969) . Seasonal variation in breeding activity gives way to a continuum of sexual receptivity with birth occurring throughout the year. It is doubtful whether this results in any increase in fecundity, as wild-caught females in the laboratory seem to vary between fertile and infertile cycles, and intervals of ammenorrhoea.
Any attempt to improve overall colony fecundity must take into account individual long-term variation of breeding performance, and cycle-to-cycle variation in fertility.
One method of improving colony performance is to remove females with poor breeding records.
This may be the reason why some long established colonies seem to be less affected by seasonal or other influences on fertility. A more direct approach would be the active selection of animals with the genetic predisposition for year-round fecundity, but this would require a longterm effort extending into generations and may not be feasible.
Absolute fertility or sterility are rarities in laboratory-housed rhesus females. The use of timed matings or artificial inseminations has increased the opportunity for females to become pregnant and reduced male factors in breeding failure.
Continued improvement of fecundity in most colonies appears to hinge on more careful monitoring of the females and the individual assessment of reproduction function on a cycle-to-cycle basis.
